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- . . - CHAPTER ONE
P INTRODUCTION® -
- " Q... . R n . . ".
Backgzound : T : NI

The enrolm‘ent of children in, prlmary schools in India: has risen from
14 mllllon in 1930- 51 to 37 million in 1965- 66 ra thiree-fold increfse in *
iF years By 1981, at the end ,of the Sixth. Fwe-year Plan period, enrolment
. is expected ‘to reach 80 million children. In 1966 only. about 30% of prlmary
schools were stated to have been housed in satisfactory bmldmgs 1* The ‘ma-

\_- . Jorlty of prlmary schools were, and many’ 5till are, dccommodated in rented

or rent-free buﬂdmgs, most of- whlch ‘are uasuitable, for school purposes, as
» they are dll- hghted 1= venulated and unhyg1emc.z (see Plate I opposlte)

An approach t0‘ the, 1mprovement of this- slmatlon was, outlmed m the

Report:of the EdUcatlon Comrmss1on as follows :

i) Prov1slou of necessary funds ) P

. e i) Reduction of the buudmg costs to the minifum level poSsxble,

. iii) Devising of'a su1table machmery to 1mplement the programme ¥
¢ expedmously and econormcally ~ '

il so happened that a member of the Commlsslon s Working’ Group on
Educatlonal Bulldmgs was Sri Dinesh Mohan, Director of the Central Bmldlng
Research Ins stitute (CBRI), Roorkee, India. Aware of the need to build very

. large numbexs’ of schools, Sri Mohan had, in 1963, already “initiated a,
modest programme ofrresearch in the,field of school building design and the
Education Comrmsslon Report was to'result in a sharp mcrease in the impor- ,
tance he asslgneh to this work dt Roorkee. - : : :

The Central Butldmg Research~ I.nsutute is one of the national' laboratones‘
of India's Councii of SClentlﬁC and Industrial Reséarch. Located at Roorkee in

the State of Uttar Pradesh, the istitute, founded in 1947, adjcins an engmeermg

umversity with traditions .extending } back for 150 years A
Functlonally, the Instltute is requn:ed -~ ‘ K
' a) To asslst the Iﬁdlaq bmldmg industry in solvmg problen’ls of planmng,
¢« 7 des1gn, construction. and materlals, with a view to acmevmg greater
~ functional eff1c1ency both in design and- construction; - NG

.-

Y .
1. Indla Mlnrstry of Educatlon l«,d.watwn and national develgpment
Report af the z:,ducatwn Commission 1964-66. New 'Delhi, 1966

2. SN, Mukera; Education in India today and tomorrow. Baroda,

L]
: 5 3 - ;
H nou . . . L 5
.‘ -. I3

‘Acharya Book Denot 1969. K ’ . -




. ‘Plate 1. Ezamples of existing schools in need o mQre adequate
) acconmodation. . )
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- ., < r : . Research at G3RI .

. . . : : i - -
» b) To carry out research in the problers of fire in buildirgs; .
) To bringthe fesults of Tesearth to the notice of potential users and
* to enSure that thgse Ji'esults -find exp?ditious and.efficiént apet_icg.tion.' -
. . . N - N ) -

The realiza‘tion bf these broad objectives is .achi‘eyed thfough ‘ghe"

Ipstitute’s® seyen rebearch divisions: 1 | . .‘ . oo, .
" 1. Building materials. ? ‘ "43“.‘ Ar‘chiteqturé and’ L
.2. Soils engineering v e physical planning . ~ \°
‘3. Efficienty of buildings .. - ~  , 6. Fire research '’
4. Building process - plant and productivity, 7. Rural buildings . L.

' There are also infor’ma_tif)p/a{d éxtension Services to meet thé research’ = - '
needs of the Institute's séientists and to ensure that the results of researchare -~
disseminated to'and utilized by the, byiiding industry.. ; '

e .

. Educanonal building, including primary school research aund devélopment .
programmes in the CBRI, is the responsibility. ‘6f theArchitgcture and ‘Physical r
Planning Division, the 1973 organization and staffing of which are shown in .

Figure 1. Naturally the division also uses the output of the other divisiens in- -+ /

.t - .8 e . % : /'/
. e e . L,
- et * DEPUTY DIRECTOR . - . T/
Faore 1. ) - (School Bpitdinﬁ?roj&c‘l) \ - ,

L - ~ - ' =

) . > \
u ' . . . a ’

Assistant. Direcior " Assistont-Divector S¢ientist (Heolth)
Educational v % -Arvchifeciore. & Project .
Bui_lg,‘iﬂc‘s ’ . Physk.a\l plomninol . - ‘ .

= .- = cZ I

- N . v . - . ;. N N

TArchifects [3Engmeers BAvehitectora) AAvchitect/ 4 Architeets 3Architects 3Enginears. Lomh-ahrt}cfow
: e

! Lol g
2235?432“’"“ ?LVZ{ZC .- Agsictands L

. \ A . . A

its design and construction wgrk. Thus, for example, the desigh of windows

for schoils is based on the methodology developed by illuminagtion sgientists iof

the Efficiency of Buildings Division, while building materi;al','prohlems.are;

solved on'the basis of advice from the ‘Building Materials -Divisjon, and go-qu,

In short, those.directly engaged.in research and development programmes for

educational buildings at the CBRI, Roorkeepare supported by a group of more

.than 200 scientists: specialising in almost 411 aspects of building from adhgsives * -

to, acoustics and from soil stabili.zan'op to ce'rérrgics. . T

’

.
& e

4
-

School building reséarch at CBRI : e e,

« In early 1963, the autlior, an arc_:hitéct- in-the Division of Architécture'
and Physical Planning, was 'assigned to start programmes of school building ~, ’

»
S SRR & SRS ‘ o
» .
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research. As the import of the Educatlon Comm.lssmn,s f1nd1ngs placed such
~SuEss on the need for national develo ment "in field of school bulldlng, the
' reSponse of'f:he CBRI in the years that’ followed was to incredse its research
effort and re‘.run more staff to. wor)' on. the new programmes -

" " 'These programmes were mltlally focussed on,_ the classroom environment.

The results of the large scale s/urvey by: “CBRI of the body sizes o,f'chlldren
were used to- assist the Indian.’Standagds Institute to formulate stafidards and
‘the data’ also formed' the basns for studles of space n°eded Ain classrooms and « s
“ the desi gn of furniture. 5,  Other; opics that received early. attentlon included .’
storage requirements for” primdry schools, the: single- teacher school and the
relationships between the' primary school curriculum and-space needs.~ Imthe
context of this monog‘raph th1s latter topic'is worth more decalled explanauop

v

.1t has long beer’ reahzed that if ‘economy is'to be, ach1eved in bu11(41ngs
for -education, fevery part of the building should be of nummum area, -the se
* of every part.of “the building should be optmuzed and tbe cohstructlonr of every

hY
v <

element- of the structure should be as cheap as poss1ble 'j s

4

In 1966, CBRI school. bu1ld1ng research programmésancluded studles on
the second of these aspects,l ngmiely the optimization of the-use of space in ~
Indian primary schools. "A study of the pnmary school currlcu\hlm in Uttar
Prddesh. showed that covered 4pace was only necessary for some ac\t:wmes .
. -while othérs could be better accommudated on the school site in the open. Ta
. 'this way, the area of the prlma,ry school could, it seemed be reduced by 40%

v It was: obv1ous1y 1mportanr to apply this COHC\.pt to school building des1gn
in real situations and in 1'968' work was snarted 'on the des1gn of a school jin-
corporating these ideas. This work culmmated m the design 3 and}construc ion
of the’ Uttar Pradesh -schoals, .a descrlpuon of which forms the subJect/c/f th1s
monogrwph (See Plate 2). A .

'y

- Copgurrently with the stud1es on/ he more effectwe use -of space, work
. was also comimenced"® in, CBRI on é application of ;echmques of partidl pre-
fabrication to school baddlng progmmes Jt was thought that if the elements
» of a basic -shelter, pamely foundauons, supporting columns and a, r_oc_>£ could
be prov1ded in- places whliere pr1mary schools were needed, the local commumtv

*  anxious to have a school would ke w1llmg to provide the wall panels, \windows,
docrs and ﬂoor usmg local materlals and at-their own expense '.\ e

Y

/

~

3. Indian Sta.ndards Instltutlon Ind.,an Standard 4838 Anthropometmc
dimensions foz};( school -childrén; part I—1969 age grouwp 5-11 yedrs;
part II-1968; ‘age group 12-16 years. w Delhi, I.8.I., 496

Indian Stendards Tastitution. Indian Standard:. 4837. Recommendﬁwns
for scheol fumzture, elgssroom chairs and tables for use.in juRjicr
schools; part I-1968: age grouwp 5-11 years; part TI-1949: age gr}mp
12-16 years.. New Delhi, I.S: I. 1969

v

'Y, Srivastava, R.D.;, B.M. Gupta, and D.J. Vickery.. A method of reduczng :

elgssroom z’eqmremenbs in primary schools in Asia, Occasional
Paper No. 13.° Colombo, Asian Regional Instltute for School Bulld- .
ing Research,nl967 812 ]
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Educationgl Building: Development Groups
. . - NEy ..

. Plate. 2.

“

¢

An e'aiﬂgly proﬁot;ype of the riew primary;sc?i&l.

.

»

-

T~ The ~cr1ter1a for the dé°s1gn of the prefabr1cated elements mcluded (2)
si phc1ty in assembly, (B), edse of transport using lorries:- or, if necessary,
bullock carts, and (c)- we1ght low enough to permit of easy handling. Prototypes
- of partiaily prefabr,lcated schools designed using thése criteria, were first
bu11t in the CBRI and suibsequently in Maharashtra and Kerala and provided
sound experiénce for app11cat1on of the partial prefabr1cat10n concept on which
the des1gn of the Uttar Pradesh schools was subsequently based. (Refer to

Plate 3). | - . LY :
. . ,

g Cther educat1onal~-bu11d1n<r research pro grammes of the Arch1tecture and
Physical Planning Division of CBRI have included a $tudy on the design of
umvers1ty hostels d and more recently work on “second-level schools.

@ L . N \ -,‘.h . 4:\ . “ o

Edueat1onal Bu11dmg Development Groups '\ ) -

e

The primary school building reé‘earch programmes outlined above -
showed promising results, and- suggested-that it might be possible to obtain -
important reductions in the cost of educational bu1ld1ngs through rational use
of space, 1mproved construction techmqt.ﬁs and cost ana1ys1s and- planning at
the design stage.. The developments evoked cons1derab1e interest in the Union
Mlmstr;y of- Educatmp at New Delhi as they, offered a means by which the serious
s shortage of pnmary sch%gl buildmgs in" the country might be red.lced The

Id
. S India.

Gentral Building Research Iustltute.

University ho,stels 3

4

A

T pZarzmng ednsiderations, Roorkee, CBRI; 1969.
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Bu‘ilding pro‘granme-in Uttar Pradesh

" main concern of e Mlnlstry was, naturally, that the new ided’s be d1ssem1- .
nated to the State Governments.and other agencies concerned w1th the con- .
st:ructlon of school buildings throughout India. 6 - i / , s

The need to commumcate prormsmg developments in school bulldlng
design and construction to the*States had, however, already been foreseen by -
the Educaton Commission,. as indicated in the quotation wluch follows :

S ¢
... o cont1nually 1nt.rodpce 1mproveE*and economic techmques,
we’ recommend the adoptlon of ithe follow1ng addluonal measures :

-~

&

4) Formatlon of Educauonal E,Luldlng Development Groups Lo
’ e Edch State should have an, Educauonal Bmldlnig Development : o
e Group - - consisting of an architect, 4n educationist, an adminis-
, trator anda cost accountant .... to improve the planning and

construction of government school bu1ld1ngs TN P

.
“

The Commission suggesté‘d that in addmon to a-Development Groupy,
in each State, there should-be a Group at :Union level, one of the functions, of
which might be to hlghhght “the latest techniques of constructjon and researches
at heme apd, abroad " for /the”beneflt of the State Groups.7 v - K

. The Development Grpup at Union level was accordingly formed in l967
with the Education Adv1ser to the Government of India as-its Chairman and the
author - the architect in 'charge of the school building research programrnes at
CBRI - as its membeé-secretary The promotlonal work of the CBRI and the,

activities of the Group at the Centre have resulted in the formation of develop~
" ment groups in tae States. of Maharashtra Kerala; Punjab, Uttar Pradesh, .
Tamil Nadu and the Union Terr1tor1es of Goa Daman and Dl and Arunachal
Pradesh y )

- . <

-

}ln collaboratlon with CBRI.and the National Development Group, the .
Stage development groups have constructed a number of prototype buudlngs

but as ad hoc bodies having neither finance nor per;nanent staff, the main

value of the g group the present time has been to proude a point of contact

at State level to which.the clear1ng house 2pd other acnv;ﬂés of.the Natlona:l
Development Group and the "CBRI can be directed. ) .o M

The: primary school bulldmg programme in Uttar Pradesh |, )

) Uttar Pradesh, as is exnlamed more fully in-Chapter Two of this mono-
graph, 1s the State having the largest populauon in lndla - 1n 1971, 88,341,144 _,

6 Note: rndla comprises a Union of States. Whllst the Union Government
is concerned with the co-ofdination of educational fdacilities,
determlnailon of standards of higher education, scientifie and -~
technical education, research, prombtion of Hindi and development
of all Indian Xasnguages and is responsible for five Central Univer-—
sities and. other institutions of natiohal *mportance as‘Parllament
mey by law declare edueation in India is prlmari}y the respon51—
pility of the State Governients. . :

7. India. Repofrt of, the Education Commissiof. . )

-

.
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Introduction

persons. In 1965, Atmanand Mlsra wrmng in the (Union)- Mlmstry of Educatlon s
periodical 'Education Quarterly described’ Uttar Pradesh as having.very low
ability to ‘support education’ (total revenue divided by popx.lanon), a fairly low 4
deg:ree ,of educational effort (% educational expenditure per. pairz of State '
revenue per capita). 8, Accomplishment in Education in Uttar Pradesh has also
been very poor compared with that in other States (accomplishment is peréen-
tage total enrolmefit at all levels to the educable populann‘ at those léevels).
Finally, Uttar Pradesh shared with Lwo other States the lowest educational
level of adult population as measured by the percentage llteracy of the total
populatlon.-9 g .

©

) v

/capita

. ¢

anary educatlon in Uttar Pradesh is managed through Zila Parishads,10
_ municipalides and notified town areas and private agencies. Privately managed
schools appear to have few building problems but schools managed- by local . ,
" governments, especially by Zila Parishads, expenence considerable d1ff1culty
with their accommodation (Plate 4). During 1968-69, a survey by the Statg De-
. partment.of Education showed that only 36 % of the le1th primary schools had . '
sansfactiiry buildings. o . , o2

) The’ ¢kground to this situation is worth bneﬂy describing here. After
mdépendenc an 1ntenswe programme for the expansmn of primary education
was planned and new schools were opened wherever temporary accommodation
- eould be found. At the same” time, programmes for the construction of new
school bulldlngs Wwere commenced. Table 1 shows how the position developed
during the first three of India's five-yeax plan penods. . fe

- ‘;'

Durl_n_g'g_he. 4th Five-year Plan, a fur_thezs 990 prlmarif schools were conz
structed in-urban and rural areas. Af the present, statistics show that, of the e
(ﬁnmary schools opened in Utfar Pradesh, about 42,000 still lack sansfactory
bmldmgs . . - e é
. . To the backlog of 42,000 bmldlngs that need to be constructed to house L
the présent populdtion of primary school children has to be added a further
25, 000 buildings to house additional enrolments foreseen in the subsequent five
years. The total numbér, of primary school buildings that thus need to be built
""in Uttar Pradesh by 1978 is of the order of 67,000 - a tall order 1ndeed

+ 'gr k]
Uy - . >

8. Atman%.nd Misra. Educattonal baZance sneet of States. Education
_quarterly, Ministry of Educa.t:.on, Indla.. Vol. 1T, no. 66,.June,
. 1965 p.. 6~ 8 83: . N

0"
.

‘9. Pa.ra.dox:.cally, Uttar Pradesh has the highest number of, wiversities
and higher education institutions of any State ,in the country.

10. Zila Parishad is a District Boa.rd ‘responsible for functions which,

in a rural context a.re‘sn.mla.r to those exercised by & Munici-
pa.l:.ty in an urban situation. - ) .
46 - - .
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Building programme in Uttar Pradesh

Table 1. Progress of primaxy school building construction in ‘ -
Uttar Pradesh during the first three five-year plan periods - \
Plan " Programméd Actual‘ly Backlog of s 1
) period ' for construction * constructed unconstructed schéols
First Plan, 1951-1956 6925 6 002 : '923 B ,
Second Plan, 1957-1961 - Lo 662 7130 . ~.2532 .
R Third Plan, 1962-1966. © 50126 11578 T 3gsast s
. Total, 1551-1966 66 713 24710 . 42003

£

Note: From data prov1ded in_a paper by Dr. A. é Malhotra, then Deputy -
Director, Elementary Educatlon, U. P.,& presentqd' at a Semlnar at
CBRI, Roorkee, 5 Octobe; 1971.

.
]
i ~

- .

Plate 4. Zila Parishads often expemence dszwulty in promdmg CoL
aceonmodation. e
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Although 1scu’ssed in greater deta11 below, it ig appi'oprlate to summar-

f

. ze hefe the maik reasons for the increasing gap between school bu11d1ng needs

and the provxslon of buildings in thé State. TheSe are: N

H

4 . 'a) commumty partlc1pat10n falls below the expected levels ; / ’

i
~

¢bJ the State constructlon agenc;es are not fully utdlzed -

° .

: c) allocations"of morey prove inadequate in the face of rising pmces

lf’, ¢ of labour and materials; : )
| . "y‘ ' i :’

d) cost control technlques are not apphed . R K

j’ e) funds allocated for local development are apphed to projects

i having .greater priority than ‘school bu\;ldmg

i / ~ . . .
"In 1968, as is mentloned above a schodl building development group was

~estab11shed in Uttar Pradesh and studies were made leading to‘the design of

, pnmary schools for the.State. In 1971, representatives of the State Department-
of 'Education and CBRI met at a seminar to discuss the outcomes of the design
work and it.was decided that thte funds would be provided to undertake experi-

mental construction of the design material and, in particular, to check the
costs of the new prototypes. The seminar also.recommendeghat the findings

".of the CBRI studies be 1n901porated in a revision of the chooI Building, Code.

More 1mportant perhaps, the participants suggested the formation of a school

L]

bmldlng consortium to take ‘advantage of the new technlques “which formed.a - -

feature of the designs and recognized that future school building programmes
should be oriented to provide a’venues for employment - espec1a11y for skilled »
bmldlng technicians of which many were unemployed at the t1me .

] 'Phese recommendatwns were subséquently approved by the State Educa-
tion Minister-dnd CBRI was authorized to start construction of 12 prototypes in
three Dlsl:rlctc of Uttar Pradesh. v .

The outcome of the prototype construction p‘rogramme showed that the
des1gn was cheap to build, - Rs. 8,100 (about US §l, 080) or Rs. 101 (US $13. 50)
per olace .dnd fhat construction time was short. As a result, the State
Government decided 6 construct §, 350 of the new .schools - roughly 105. in
each of 51 of the 54. admamstratlve Districts of Uttar Pradesh. At the date of
preparatlon Qf this Report, the const:ructlon programme was more than half
completed. - 2

-
-
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Of the populatjon of the State of Uttar Pradesh - 88,341,000 - 13-% live
in urban and 87 % in the rural atedg. There are some 111,722 villages, 257, 468
hamlets and 486 .towns in the State.
square J<ilornet:re.11

The population density is 300 persons per
‘ 4 . .

M . Y <

Educationafly, the State Iy divided into, 54 dis
better supervision,

.

-

tricts, (Figure 2) and for
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inspection and control, the districts ate grouped

into eight

., Figuee. 2,

w

200 KM

~

11. Statistics in thi¥$ paragraph qré taken from statistical publigations
of the Ministry of Education.and Social Welfare, Government of .
India. -
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s pédelopﬁnent of the new primary school

» X ) 4 - ‘
regions for boys and seven for girls. The structure of education is shown in

Figure 3. Data concerning the ‘numbers of puplls, percentage enrolment to.

-

.Flavee 3.
.- The Strocture. of the,

Oniversity Techrieal | ,
- Edocw 5551‘&"\ ijmm-rﬁdxaﬁan I POS*I’deuAf:.
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. ©, oo Mrade. T Trode.
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4,5 & ;808 01 12 13 i iE _16 7 _?5’:};
e |
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corresponding age group, percentage enfolment in rural areas, pupil/teécher
ratio, numbers of primary schools .and percentage qf primary schools in rural
areas of Uttar Pradesh, are given in Table 2. Figure 4 indicates the relation-

ship between population by age groups. and the populatmn of children énrolled

! the dlffereht levels of education.

.

Although prlmary/educatlon is of” five years®* durauon in Uttar Pradesh

the population distribution in the rural areas is siich that on.ly about 10% of
the school bmldxngs require five classrooms. Figure 5 which is of consider-

able lmportance in relation to the concept of phased construcno

descrmed

?

g below, shows the percentage distribution of pri mary schools, by n:rolment in
‘ the rural areas and, superimposed on it, is an indication of the ‘classroo'ns

required. (Figure 5 appears on page’é8

L, L .
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2 " * : . Education in Uttar Prcfdash °

' Co
Table 2 Amual enro1 ments pupﬂ/teacher fatics and numbers of prlmary
' " scheols in Utta.r Pradesh for the perlod 1962- 71

* . ~ Percentage “Py 114 . N6. of Percentage
y enrolment feac‘her primary  primary

Year Number of upils ;
T, buk * to corres- ratio sphools schools in

2
, . enrolled (in thousands) N
_ . ponding * | . . © < rural areas,
. ERE s, Boys ", Girls Total age group « N
. 196263 404171300 5341 . 538 44 49812 S
1963-64- 4422 1575 5997 0 59.2 ... 41 52645 ‘
. ~ 1964-65° 5291 2470 7761 _74.0" 50 57905 .
' 1965166 5469 2547 ~8016 . -743 - 507 58438 . _
1966467 5927 3004 893l 80.3 -~ 53{. 60238 Dt
+ 1967-68 5921 ‘3259 9180 - 80.4 53 60564 o
.- 1968-69 .6.064 3.300° 9365 ¥ '79.2 _ 56 61127 © | -
o » 271969470 6514 3785 10-300 85.4 ', Sl - 61959 R
: *1970-71 6 804 4024 10828 * 9.5 53 ,61959 -  90.5

Souree India, ational Counc11 of ‘Educational Research a.nd Tra.m:mg

TN | Second aZZ Infia educatwnal su:m)ey New Delh:., 1967
Flaup.a 4 _ ' _ )
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Deve! Lc;pment_of the nei pmmary school = . . e -
The prlmary schobl currlculum for Uttar Pradesh 1s summanzed below :

s «

Regional 13"81‘38‘3 o 45 minutes per day
Second language 40 19 e '
Social studies o0 T Treom®
! ._Gene;al science and agriculture 45 " woow
Mathematics . 45 " v o
Craft ] ) 40 " W s
" Games and physical education ——45 " wotn
. Prayers s 10 " Cw W
. AR T Total 310 minutes per day-, - )

-, . . . .

* A typical time-table is shown in Flgure 6. From -lhls it w111 be seen that‘

by planned use of the site for certain lessons it is possible to reduce theé num-
ber of teachmg space’s needed in the building. Suchan arrangement would not,
of tourse, bé possible if the climate made outdoor teaching unfea51b1e Refer-

~ ence to the section of this report concerning climate will, however, indicate

that it is usually sufficiently clement to permit }essons o be held outdoors .
(Plate a)

.y

o

o

18

) » Zg%éof 8% [N%need) ™ Aduh‘.numb&rgoj&hools vieeded. by size.
- N all schools| need Scloas o
N . Yoom2 -
30% cfoll schools | nesd  [qaclnss Total veeded in yural areas . 56,072
rooms
. 'ST . need '43:,,2::1) . . Of whlch 2 cla\ssv-oom — 6,822
"W 2class rooms[ﬁ .
' - 3 classroom — 14,018
X N ° .- .4 classroom — 10, 093
X . )
. . . : -5 classyoom . 6,167
'To A N ) - . .o ’
' vty : , 2 Sclassrdom . 8,972
% -« N . . .
distribution
o ¥
of primary. — . !
_ schools ) __""
. 5T ¢
. / g R  —
» 3 ‘
01020 3040 50 100 ¢ 200 " 300 B 400
Flaure 5. 20 Nomber. oj chi[drf_n‘ v pri_mayJ achools
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5.+ The climate of Uttar Pradesh is usually sufficiently
to permit lessons to be held outdoors.
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Dave,oz:rrem of yne new pmmary school . BT '
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T’he topography anc%chmate of Uttar Pradesh ve - L

The lai’gest area of the State is level well -drained and culmvated
the north, it rises intg the Himalayas and includes such fimous peaks as’
\Eanda Dem (7 300 m). Many of the schools, the design ¢f which is described
below are “built at. elevatlons 0f£’1,000 m or more. Wheré¢ the State borders -
central India, the Jand’ becomes rough and broken. )

. A '_° I ¢

In

<

LA characteristic of Uttar Pradesh is its numegous, vﬂlages, many of
which are, crowded high ori, the debris of older, sites, makmg it difficult to
find\apace for the primary schoal within the vﬂlage setting: New schools

are thus someumes hmlt just outside.the older v111age sites.
oy : . . . - NS

: \' "I‘he chma;e except for. the Hlmalayan aredas of the State,

e

is hot and

dry Temperature in the plains ranges from 30-46 degrees centigrade and

aonual rainfall from 762°to 1,118 mm. “The rainfall is monsoonal and heavies:
. in the months of June, July and August Data on the ‘mean number- of rainy

. days for a few selected stanons are given in Figur° 7, on which are also
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\\ ' Existing~school building

marked the school holidays in the State. Figure 7 also indicates the mean maxi-»
mum daily temperatures for each monthof the year. It will be concluded 'that
for those months of the year during which schools are not on holiday, teaching
and learning outside the building on the school site is quite pragticable - a con-

_ clusion that 1s well borne out by local practice as indicated in Plates 1, 4 and5.
The clement climate during the school year was thus a significant factor con-’

. sidered while developing the new schools. A ’

L " .
«

Existing school building L B X
. \ . '.. ° \»\3.‘
~ Standard plans for school buildings were developed in Uttar Pradesh .

as. early as 193l. There were two basic plans which differed only in regard -+
to their roofing pattern. In the year 1948 the .designs were revised. ~The *
new plans had larger teaching spaces and no longer ‘included: a, teacher’s, :
residence, store-room and kitchen as did the previous. standard designs. .
For reasons of cost and scarcity of materials during the immediaté post-war
years, mud walls and local ¢lay tile roofs were adopted 55 a common pat- )
tern. Certain other modifications were ‘also introduced to fsujt local conditions.
For example, in western and central Urp., mud* foofé were found cheap and:
convenient to construct.” In the hilly regions of the State, galvanized iron roofs
ware found suitable and stone-in place of mud walls - were easy to construct. .
The width of classrooms was also reduced by two‘feerin-the new design due to !

_ scarcity of wooden rafters in lengths of more thai 3.05 m. Later itwas found "
difficult to maintain.‘these resulting temporary buildings and, with the pass-
age of time, many such schools dege_rio:rated and becathe unserviceable.

Ve § T . -

. In'1957 the standard plais pi‘ép?.réd in 11948 were revised in consultation
~ with the Chief Engineer of the Public Works Department of Uttar Pradesh and,
as a result, six types of* design camle in use. These .schools have®one or two

teaching spaces. They Usually comprise: ; R
. . . & —_—

1. A classroom space 3.66 m. w de; L B o
2. 'A’circulation space 2’ 44 m. wide i the front of classrooms; ..

3. External brick walls 35 cm. thick;
4

In the plalins,a roof in re-inforced brick or .re-inforced cement
concrete and in the hilly regions stoné walls and pitched rcof -
) with galvanized iron sheets; ey

L IEY i
-

5. The foundati'gn depth is ‘usually a ‘metre with.a 30cm. thick
concrete base. ~ / .

' '

A typical example of one of these schools is illust::iated in Figure 8. The
teaching space in the example shown is 58.7 % of the area ofthe building while
the circulation space is 30%. Though the windows provided in'the school are
adequate, their disposition is not judicious and the lighting in the teaching
spaces -is -not-uniform. - — — - N ' .

~ - 25 | /-
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- - PN : . . Research und develoz:ment

These schools are 'basia] schools. Craft work and e’ducauon~throu‘gh-
‘actuivities are the maln.objecnves of the curr1cu1um which requires group
 work in variqus group sizes' in add1u0n to occ5s1dnal formal teaching. The
3.66 m. spanof the teaching spaces re\tcrlcts the performance of such achvl-
‘ues. The length of the classrooms also treates problems such’as d1£f1cu1ty in.
seeing the chalkboara for children at the Back Of the ¢lass. Audibility also is "©
. a probleni due to ‘the dist. hce between the teac“her*and the farthest child. The
- height of. the classroom is "generally about 3.5 metres ‘which coutd conVenlentlv
" be reduced to 2.9 metres witlfout affecunc r‘1erma1 comfo¥t. . e

v »

’

. The school in the rural area ,1s the ,mam ce'1tre for t:ommunw; functions
and act1v1ues. It is used as a.meeting place by “the- vﬂlage Panchayat; as a
reading room and as an adult'education centre., It is also often'used as_a plave
for accommodatmg marrlage parues These various functions need flexiblé

- spaces which the schools lack. ML ‘ N - PO

In practice the schpols have survived in the1r preéent form’ because the
methads of teaching are hy ‘chalk and talk'; and because there is no o‘cher
place for community. acuivities 111"Bae\~v\111ages. Futute Schools need ta prov1de
. functional facilities in order to help 1mpmve the qﬂxalnv of educanon and to*
- meet the varied community needs.. . S R :

’ - ¢
s ‘ . In recent years the cost cf m _-.acerlal labour, and tnus congtruction hag’ B
: risen rapidly while the fidancial allocation for constructien of schools has re-
¢ mained the same during this perlod of rising prices. The result has beei *that
Co . as number of schools on which cofstruction has, started have remained incom-

' . plete I often roofless or lacking doors, windows, floors and sometimes walls. _3
Where schools have been completed, thie materials l*ave~often been poor and
the workmanship hurrzed The result is heavy maintet ance cosgs eyery yeax.
As-there is usually no money for maintenance, the buildings deter1orate very

=
> » -

.. quickly. , . . )

.

! To summarlzc, it may be con¢luded that the design of the older schvols :

(W

<
i .

a

. l;. Does ,not adequately serve the e’ducatlonal purpose; . © e
) T 2, Does not motivate the teachers Mdopt new teaching methods; - - '
3. Does not provide the sort of facilities for. the ‘studerits to learn

- » - X

through act1v1t1es ; . . . . .

- ¢ ™

4. Does not have a rauonal distribution of area as between teaclung .

and mon- teachlng spaces ; ’ - .,
1 5. Does. not serve .commumty needs; - . y . .
= . 6. Is'not such ‘that tney can be built, cheaply. N

>

¢ Research and, development* . , . <) ; .

e

l : An assessment of the situation outlined above led t:o the conclusion mar a

. new @pproach to the design and construction of primary sc! :ools was needed in,
. -Uttar Pradesh 4nd, moreover, in view of the scale of the construgtion program-

’ me, that 1ts managemept would: /requ1re 'very careful plann1ng 1[ there was to N

be any, real hope of success[ul implemenration. ’

-
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&;,‘ It was: thus dec1ded to prepare ‘new prlmary school designs and, in. v1ew

of the repetlglve nature of the programme in whlcb dver 5,000 similar school
bmldlngs were to be constructed, to evaluate all design ideas through 'the_con-
struction of ful1- -size, prototype school buildings. The Cengral Bu11d1ng Re .
search Institute with its design specidlists, various bmld1ng.sc1ence lesource

personnel and workshops for prototype construction, was an agency obvxously

<

B ‘emmgntly suited <o uxldertak“e this work : Y

o’

LA Y
-

" The ’Uttar Pradest Education Authorlty set out its ideas for the new

_primary schools as followsz . - .
B Imtlally, each school would have ‘two teachers and later ﬁve 5o )
" 2. There wotild be 80-children in each 'sctool in the first place but P
) ’ater .the school would be able fo gxpand to 200‘,"places ; .

A

L 3. ’I'he internal space ‘should be adequate for thé baslc educatlon

foreseen in. the curnculum«

-4, Inte,rnal space should be supplemented by outdoor teachmg space,

. . 5., A cookmg space should be p‘govxded or mld day rgneals,

6. There should 'be- facilitiés. for. a teacher to stay olvermght in the school.

No cost hrmtdwas prescrlbed but the Educatlon Authority was emphatlc
.in its reqmrement that the new; school .Sshould be as cheap as posslble and cer-
tainly cheaper than the old deSlgnS In the Céntral Buildirig Research Inst1tute,
after a prehmmary study’ of planning specification and cost analysis Rs. 8, 500 -

) was regarded asa reasonable target cost for the bulldmg and site works

Because of the reqmrement tthat the 1n1t1a1 bu11d1ng should comprlse two .
classrcoms with a posslb ity, iff "the school- gomg populauon justified it in
future, of expansmn toat ee or five classroom scheol, it, was decided to de-

. sign aQbuId ag that could be" built in ,stages (Figure 9). The plan of the first
prototype is shéwn in ‘Figure 10. Each .teaching _space is. sufflclent for 40
-cmldren and two of the .spdces are separated by a movable partition. Chalks
boards . Aisplay areas;and storage, spaces are prov1ded as well as a deep cup-
BGard-qum- kitchen for the teacher o use dur'ng an overnlght stay in the
$chool. Ventﬂauon is ensured through the provlslon of. plerced grllls in. the
walls At those parts of the rooms farthest from the windows, a desk top.-
illunination of 150, jux was calculated ~ ® . ~ .

[A

. On the site, a double sided chalkboard is provzded for ‘outdoor teaching
and there 1s a cmall open kltchen,wa hand operated water pump and a urinal.
\ . ot

¥
-\ "

Constru%tlonal deslgn of the prototype-

f
[N A ﬁ"

L
Ly

13

The need too/omplete a consr.ructlon programme of over 5,000 two-

. classroom schools in a_period of “three years, and at a variety of sites of either
. easy or dxfflc 5 cess, ,sug thé use of constructlonal techmques which

rapid ‘Buiding. Equd

, skllls and labour '

.
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Constructional design of the protatype

Partial prefabrication seemed to provide a possible answer. Although the
prefaﬁrlcat d constiuction technique is not an.unknown concept, in the context
of developing societies, the importance of such techniques lies in simplifica-
tion-of costing methods, joint details, and erection methods, thus minimizing -
the use of skilled labour. The techniques were tried, guided by the following

considerations.

b

1., There should be a minimum number of standard components;

2. Where concrete componenis were to be used they should be si}fple ‘
to cast, thus reducing the néed for skilled labour; ' \ (

3. As many sites were accessible only by bullock cart,“tke'cc;mponehts
should be designed to fit this mode of transport;

4. The components should be light enoflgh for manual handling into.
position in the building; : . .

5. Joints between components should be as simple as possible.
. i . . ’\\

k]

: b

. The- initial design of the first prototype is shown in Figure 11 and™
Plate 6, and the following is‘an outline of the specifications::

- Fbundation

‘Damp-proof course : 1" cement concrete

Columns
- *-"§uperstructure

Floor

Doors and windows

Roofs

Finishing

Plate 7 illustrates the method of rodfing.

+

.

Pre-cast concrete pocket footing to column S ¢
with sirip foundations to.external walls | ‘.

A

" ; Pre-cast, reinforced concrete,

9' brick wall in mud mortar and
cemefit plaster both sides - h =

Concrete or brick

Prefabricatetl steel frames, wooden dooxs
dnd window shutters )

:".Pre-cast truss$‘with asbestos sheet covering &
: Painting on wood work, white wash/colour
. wash/brick pointing, ~

¥

. The above constructiona} techniques and specificationg were arrived at .
.after a detailed analysis of ¢ost and specifications of vari%us alternative

-schemes. Fox example,
with sheet as covering mageria'l. Likewise, a comparative cost apalysis of
various alternatives for different elements was made to arrive at the most

e conomical solution,

Table 3 shows the cost comparison‘ of roof trusses

Ay
N

.

, “The cost of the school at each of the three stages of donstruction was
_estimated and is given in Table 4. (Tables 3 and 4 appear on page 30).

Ta1 '

- &
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/ Platé 7. The method of roofing the first prototype - an early't:mia‘h

Tne pitch adopted f?i the prototype was lower. .
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I)evelopment of the new pmmary schooZ

\Q.

Table .3 Cost comparlson of foof trusses with sheeting as

[

. \ covermg material (span 6.56 m)

: B | Cps't-«ﬁl-(Rs) of % saving
. - . compared
" Trusses Purlins/ .Spacing of E4ch “Purlins/ Cost/M2 to W00G

' * Reapers trusses iruss. Reapers (inRs) . * kingpost

5 : per Bay . truss
Wooden kingpost Wooden 2.44m  334.11 494.22 44.10 -
truss - (8" 0" c/c) PR o
' Wooden truss  Woodea 0.61m  127.22 ~ 28.48  36.15 . 181
(Kerala type) . (210" ¢/c) ’ L .
*.  Pre-cast.RCC re-cast 2.44m  247.17 294.86~ .:36.38 40.2:
scissofs truss  RCC™  (8' 0" ¢/c) -

+  Composite truss - do.~  2.44 m - 230.46  294. 86 25..80 1 41.6

(8' 0" c/c) . i
. Table 4. Estimated costs of each ‘phase of construction and
w . cumulative costs of first prqtotype schools
' Stage - . Estimated cost>(Rs.) Total cost (Rs.)
. " L . First stage 8 500 ($1, 080) 8 500,($1, 080)
Second stage’ 4000 ($ 540) . 12500 ($1, 620)
Third stage 10 500 ($1, 417) 23 000 ($3,037) o

Note: Figures in brackets are the cost in US dollars at the tlme of

drafting this. report. “ .
The final cost for a 200 place school wouldsthus be Rs. 115
($15.52) per place. . .
/' » .' . * . ]

Prototype- constriction

, and Rai Barely, were constructed as the first prototypes. The pre-casting work
was done at district headquarters the schools were located within a radius of
16 km. from each of the casting yards The construction was organized-depart-

mentally. Cn an average, each school was completed within 35 days and the
_average cost wa§ Rs. 8,100.

[
-

. Adverse reacuons were recorded from the villagers, teachers,. students,
off1c1als and other general public and are given in Table S.

34 KD

Twelve school bu1ld1ngs, four in each of the districts of Lucknow, Unnao*.
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Prototype constyuction

W . N

Table 5. Comments on the first-prototypes

" ~ - = - .
Source e ) Nature of comments ) . vo.

bt d

Teachers Thermal dlbwm{ort ; noise dlsturbance through the top of thg -
) partition 6" 2" higir; mdcpendenr access to ecach classroom de- ~
. sired; asbestos roof was considered temporaly structure. The
. built-in cupboard, it was suggested, should be replaced hya . - .
B storeroom, which could be.used as school .storage; space also. ' T

.~

Students Thermal discumfort; noise dls\ urbance through top of partmon. .
. Indcpcndent access. 1equ1red to each class. ¢ .

N
¥ . Y

Officials - Asbestos roof not liked as they Io&ced temporai:y, and- liable to -
_— be damaged by students -thus requiring-more maintenance.

Villagers The same comme’nr'as officials

~ 1

¢~

B

The other constructional design criteria had, of co':lrse, already been
met. Plate § shows that the.roof components could easily be carried by ) y
bullock cart, while the ease with which the roof componernts could be man- :
‘handled into positicn is shown in Plate 9. St -

Plate 8. Roof components could easzly be carried by buZZucick cart

.35
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. Develorment of the new i__g,»‘z;mary sehool ’
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%

‘<, ’ Plate 9. Man-’handlingﬂthe roof components into position.

: Adjustment of the prototype ’ ~ - >

There ‘t‘bllowed,-as a result of the initial experience with the 12 prototypes,
two further adjustments: The first took into account the comments made by the .
local people using the school. A concrete flat roof was provided, a separate .
entrance was arranged to each classroom and alarger storage rcom replaced
the small ‘space and kitchen. S e ' .

.The complaints about#lvise over the Inovable partition were resalved in
a way which were well illustrated how. the research resources of the Central
. Building Rescarch Institute could he brought to bear on problems. In the first
prototypes, as has been seen in Figures 9 and 10, the chalkboards were placed
. at opposite cnds of the two classrooms. The acoustics specialists of the Insti~ .
 tute, after taking a series of measurements, found that interference, as be- .
tween one class and the next, would be ébnsiderably- reduced if the chalkboards, - .
and thus the tcachers, were arranged back to back on the partition d‘vidiﬁ’g the
spaces.12 This adjustment was thus also incorporated in the second prototypes :
of which the arrangement is shown in Figure 12 and Plate 10. : N

* 12. Choudhurys I.
: - teaghin

~',‘\

RE

ERIC -

Aruitoxt provided by Eic: R

graces.. "Educational Building Report No. 1.
Unescey 1973. .
‘4

K.D. Sound' diffract ton_around movable partitions in
Bangkok;
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Plate, 10. Interior view of second proz‘otype showvrzg central, back-to- -
back chaZkboards and f\lat roof. J :
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But a study af the roof corstriction usmgo inverted composite trusses,
each with two steel'tension and three concrete compression members showed
that erection was an cmesswely time consummg activity, adding substantially :
to the costs of what, otherwise, was a very chgap way of spanmng the class-
room space.  Efforts” were therefore ‘made to reduce the erection time and )
thus the cost of this element of the roof. "The result, which is shown in Plate 11,. ‘
is an extremely neat, light- wexght welded steel t:cus,s which, hoisted into place '
by four labourers in half an hour, reduced by 5S¢ hours the time taken%o scaf-
fold for and assemble the” ‘tofiposite truss.

The third prctotype, in fact, mcorpordted the followmg changes fxom
the first: Lo .

. ' . 'Y . »

i) asbestos pitched roof xeplaced by, a flat, pre- cast concrete . -
. channel roof on prefabricated welded trusses.

. LA

g ii) the pre cast reinforced concrete columns and column bases ° .
where dxspensed with in favour of brick, block or stone work - as .

a

Tocally. available. . Lo ) .

s - .. ]
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Plate 11 The final solution to the ‘roofiné probZem. using a welded,
" light-weight, prefabricated steel tryss.

-~ iii) the movable partition was replaced by a free-standing brick
R ,  partition with chalkboards on both sides thus changing the quality .
.- " ? of the building from 'flexible’ to 'aqaptable'.13 {this was -due to
- ) the very high cost of timber and the comparatively 1ow cost of

brick work in Uttar Pradesh).
i iv) a large internal store was provided in lieu of an external kitchen.
. 2,

RN v) two_doors were provided instead of one. . o
- The details of the third prototype are\shpwr’l in Figure 13 (page 36).
. A The quantities of materials and labour for one such \school_ building is ) N
. shown in Table 6. This forms about 85!_% of the bulding cost. The remaining , ¢

15% of the cost i§ consumed in tLansportation, casting platform and moulds for

" the pre-cast components and other minor materials. T
The costs ot the: third prototype varied, of course, slightly fromplace to

place and the costs at eight selected di"su;icts representing eastern, central

and western zones ‘of the State are given for purposes of comparison in Table 8.°
Annex 1 indicates the way i which these costs have been built vy as, for

exathple, a channel. unit.: (Annex I appears on pages 68 and 69).
. From Table 8, it will be seen that the ~averag';e cost per school is
’ . Rs. 8,319 or Rs. 104 °(US $14) per student place of 0.74 m2.

. - 13, De\finition§ suggested by OEbD.. "Adaptability".is essentially, large
g magnitude/low frequency change-while "flexi:oili’g:y" is defined as
‘ . *° "low magnitude/high frequency chenge. -
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Adyuugment of the pmtotype

“« Tahle 6 Quanntles materlal/labour per school L~
- ‘i -.'; 'Ite{.xl ., * . . ','fUni.t" e Q[_y ] "\. -
' . Material’ I . ) )
. ‘Bricks . no. 19°000 . .
. A
Cemment. “tons 5.1 -
’ Steel ' ~-- quintal (100 kg)  .6.91 | L
‘ Cerhent aggregate”- cy, m 2045 . -c - 7 .
‘ " . Sand . fuem’ . 680 T S .
.o + : Unslaked lime . -  quintal (100 kg) 7.62 AR N
8 ‘Surkhi - '_"" cu. m o 3.44- P )
. . Timber =~ *: ,cu. m , e 0.2 N
» . B . ' ~ v
Labour v a R )
" . Skilled -} ‘man days 97 L. e
N V' UnBkilled . mandays , __J 204 TR
_ Iris useful to compare this cost wi‘tb\tthat"for me«cop.étru%tion of primary o e
schools in other countries of the region such a camparison is shown in TAble 7.
ST Table 7. A comparison of the cbst per -unit area of prlnarv )
N * school bulldlngs in the A.slan reglon CoL T .
. i' . —° -~ ) M
SRNER . — Cost per sq ‘metre of il .
Country - - ~—-° primary schogl const;ructlon 2 - ;
E ) e e s inUS. 8T SO
- - . . . eI b
‘e India - Uttar Prauesh - C S . .
‘ ~3rd Prototype ot 140 . .
Indla = Kerala ;State Ce T 18010 ' i
NES 3 : ! 4 ) . ."’ . - . -
. Iran,‘ _ ,. : ) . »t—\<"." ) 700 00 . . -
* ,Indonesia- ‘- . - * .0 v . 2430
Malaysia . . 52,00 - : v
~ Pakistan . * -32.30 s LT __/ °
. Sri Lanka |, s 8830 o
‘ 'I‘halland y ’ Son ‘N" 60. 00 A . -
Mean cost for reglon L ,$4Q.14 v o
. . - { * 3 : ,
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qumatwns in the final deszgn

Comparlsons of this sort must, of course be quahﬁed Different costs

-of labqur d1fferent standards of cohstrucuon and o f finishes, all affect the cost- ~ ;

per- unit area. The Table may at the very- least sho\g that it is possible fo
build a br1ck schopl with'a s,ound concrete roof vea:y cheaplv indeed - provxded
that costs are analysed an.d” through successive development of prototypes ‘
. . '/ . 3’4 '
® \ N ¢ 2 - Vo
An 1nternal _comparison, with an equivalent bmldlng usmg tradmonal
methods of construction s, of course, valid.from all. v1ewpo1nts _Table 9
compares the costs of ‘the construction .of the, third prototype thh a s1rmlar .
schodl built uslng the trad1t10nal consEructlon, of Uttar Pradesh

‘~ *
o - M [ -
o3, S
Varxauons in the f1nal ges1gn R ) R

+ Two factors have ledto a cons1derab1e*’nurriber of var1at10ns in the flnal
deslgn dependzng upon the site-at whlch each schocl. is constructed The first

~ 2ad major type of yarlauon {is that connected with climate. Ag has been men-

tioned on page 20} the'State of Uttar Rradesh, ‘while in the mair ‘comprising
level, though often rough and broken land, includes along its northexn border
some of thé mountainous Himalayan country where schiools.are’ often built at’
elevations of 1,000 m. or more. In these mountzinous regions, not only”are
tempera*ures .much lower, but in winter, there is usually heavy snowfall. The ¥
type of construction used in such situations has thus to differ from that of the
plains. Figure 14 illustrates how, while retaining the main features of the”
plains .school, the school for the mountainous areas has been adapted w1”‘
slopxng roof, more effectively to drain away the water from melt1ng snow a. .
with thick'walls to help retain heat in cold weather.

“ 5

-

The second type of v::;;ll/aﬁon is found in almost all schools in the construc-

. As is expfained more fully in Chapter Three below, "those
responsible for construction on individual sites are. required to keep the cost of
each bu11d1ng within a prescribed limit. Sometimes-where mud bricks for wall
panels arg not readily available, concrete blocks, stone or burned bricks may
be used. - . . .

The open grille work in the classrcom as well as the large grille in the
sheltered space may also vary, dependingon the materials available locally,
but whatever variation is made must be such that the cost limit is not exceeded.
The only constant features of the buildings thus, are the prefabricated elements.

Plate 12, taken on a typical, ‘misty day, shows the design variation for
the mountain regions, while Plate 13 shows a school in the Himalayan foot-
.hills of Uttar Pradesh in which concrete blocks have been used for wall panels.
Plates 14, 15 and 16 show the completed prlmary school in its (more normal)
village setting in the plains. v '
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Plate 12
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Plate 13. (oncrete blocks used for wall pansls in a school in the
Himalayan foot.hills.
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CHAPTER THREE

MANAGERIAL ASPECTS OF THE CONSTRUCTION PROGRAMME

After he, ad]ustment of the prototype, the Governmert was sausﬁed that
the design 4nd cost criteria “had been met. The problem then fated was that of
arranging foxr the construction of 5,500 schools.in a three-year period with a
budget of Rs. 50,000,000 (US $6. 75 million) available for the purpose. The
Government released the funds to the Zila Parishads (the agency respon31b1e
for the cZnstructlon of schools in the districts) with the instructions to adopt
.the plan and cost ceiling of Rs. 8,500 set by CBRI. The Zila Parishads found it
"qifficult to construct schools Wwithin the cost ceiling. The cost of the schools
ranging, on an average, 25 to 40 per cent more than the prototypes. The other
specxﬁo/ difficulties faced by Zila Parishads were: -

a) They were not gear'ed to take up time- targeted construcmon on

a mass scale due to time-consuming administrative, financial
| and constructional procédures and non- ava11ab111ty of adequate
+ “téchnical staff:

" b) They were still not fully convmced of the economy of large--
scale design and: construction technology evolved by C RI. *

* ¢) There were many priority projects already'in hand. L .

v - . ’ fSa ) .
It is worth mentlomng that the procedural aspect of project \mplementd-
_tion was one of the main reasons for large backlog i in primary ‘school construc- :
"tion (Table 1, page 13). It was,, therefore, implied ithat the Project could not be
carried through by Zila Parishads successfully Even if these. problems coul
be solved, 1t was clear that due to the cost of construction, the physwal targets
wxl,l be reduced by 25% to 40%. - oo L e

. Y

2

Under the circumstances, the altgrnatives were (a)jto defer the prOJect -
this was not de51rab1e due to pressing need for school buildings; (b) to allow
the schools'to be constructed, as in the past, with: all possible risks that the
previous experiences would be repeated; (c) to mvolve the CBRI in the plannmg,
programming and execution of the project. Though it was clear that CBRI is
not a construction agency, it was realized that unless, the challenge of construct-
ing schools was taken up by CBRI, the benefits of research would not be avajl-
able. The solution to these apparently msuperable dlfﬁcu}nes was found ¥
arrangmg for the CBRI Roorkee to undertake, the work.
| % 50 |

- -
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Managerigl asbe ' ‘ ]

07 C
) . /he CBR& RéSearch Institute under the Council of Scientific and
Indogtrial Rese {ch (C. S.L.R.) which is an autonomous body financed by the
Go¥ernment of India. Funds for the activities of the Institute are received from
the CSIR.and the Institute functions within the framework of the-pouc1es, rules
nd regulations of the CSIR The programme of research activities and the
/budget of the Institute ar{a controlled by an Executive Council, the members of
which are appointed by CSIR. The recommendations of the Executive Coun-
cil are considered and apg}q\ved by the CSIR before the programme of the CBRI
/ I's implementéd. The Institute is headed by a Director, who has been delegated
’ adequate financial and adrmmstratlve powers to run the Institute effectively and

- | to implement its research programmes.

What is of gredat importance in the present context, however, is that the
CSIR has provision to accept schemes financed by outside agencies. including
Government Departments and State Gnvernments, if these relate to research
or develépment activities being carried out in any of its constituent National
Laboratories or Institutes and for which fac1ht1es exist in these organizations.
The fundamental’ cond1t1on of acceptance of such schemes of work financed by
outside agencies is that they stiould have & a bearing on the research and devel-
opm ntal activities of the Laboratory/lnstltute concefned. There should more-
. over, be no financial 1nvolvemgnt of the I‘.aboratory/lnstltute where such
' .schemes are undertaken, all expenditure being met from.the funds. received
from the agency. In incurring expenditure on suchprojects, rules, regulations
and" instructions issued by CSIR from time to time have to be followed and
b accoulks maintained according tg CSIR rule$ and procedures. Any variations
that neeq to be adopted fox, the effective executlor -of a partlcularapro ject res
gu1re the’ approval of the CSIR. . .

.

The request of the Government,of Uttar ‘Pradesh to the CBRl to undertake
the construction of pr1mary school bu11d1ngs in the State with funds to be pro-
vided by the Government of U.P. was considered by the .Executive Council of
CBRI at its meeting held on the 5 September 1972.  The Executive Council
recommended acceptance as a sponscred project in view of the fact that it
would introduce the development work of the Insti tute to the interior villages of
the State with possible éxtension subsequently to cover the entire country. It
also approved the creatlo\h of necessary posts for the project. The recommen-,
dat1ons of the Executive Councii of the Institute were subsequently approved by
the CSlR and the Director of the- CBRI was authorized, to %ccept and start
the pro;ect, - >

& -

The specific’ difficuldes to ke overcome were as follows :

>

i) The normal Government ruleo and procedures for construction pro-
grammes were time- consuining, especially those rules reiating

to finance and adminjstration of Pprojects, and in no case could the |,

~ ' basie principles of the rules be 1gnqred'

11) There was no set procedures or rules to administer projects with
11m1tc,d funds for wh1ch time targets had to be ach1eved,

i
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~ " The management committee

- *

iii) Government bmldmg projects were b&r rule, required to be under-
taken by contractors on the basis of competitive tendering yet, as ..
most of the building sites were likely-td\be in remote and often al- o
most inaccessible villages, with d1ff1cu1t1es of procurement and’
transport of materials and labour, few cohu'actors would be w1111ng
to tender for the works and then only at prohibitive prices. -~ o

1v) Suxtably experlenced personnel to conu'ol prQJects within a time .
limit were not readlly avallable. i L

A . & & - . 13
. «

* Objective of the project , ‘ . ' S Lo

The project as is clear from the preceedmg chapters 1§ the:-énd-produet

:of research, carried out by the CBRI, on the major aspects of buildings,, .and
‘hence it is mainly an 1mp1ementat10n of research on a large s¢a e, rather than

a construction project per se. . s
In view of the nature of the project and .its*socio- econormc impact the
broad objectives of the pro;ect include: . \

a) To create awareness in the pubhc and the professmnals in th
#  cost control technifues of the CBRI, so that they become a
construction practice, . L . ”

?
b) To create agenc1es at State and lecal level who could gortinue th%<
activities after the CBRI has withdrawn from the constrdctmn work.

¢) To plan, programme and execute the pro;|ecto1n such a way thatthe \
local population obtains benefit of employment. opportumtles

d) Tocreate opportunities for local unskilled or semi- skilled people
to improve their skill- while working with traméﬁ staff of the pro- ’
ject, thereby addmg 1o the stock of, skiiled personnel at local level. ©

e) To create general mterest and to associate _the people with , ' )
developmental activities in riral areas. < . o N \

The project was planned w1!th the above objectives® ' - . P R

The management comrmttee e v . ’ ) . .

a,-

In view of the direct mvolveme.;t -of the State Government of Uttar
Pradésh in the building programme as well as the very large sums of money
that it was planned. to invest, and in order t«. have a better co-ordination with
the State Government, the Director of the Central Building Research Institute
decided that the project should be managed hy a 'Management Commlttee :

-t

comprising the following members: iy .

s to

The Sccretary, Educatlon Department State Government of Uttar Pradesh
. The Director of Ba51c Educatlon, Educat:xon Department, Uttar Pradesh.
. The D1rector Central Building Research Institute, Roorkee, U.P.

The Co-ordinator of the School Building Pro;ect (SBP) - the author of ' t

‘this Report ) 5 . ] .
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The Committee’s functions, which are subject to the overall approval of
the Executive Council of BRI and of .the CSIR are to exercise proper con-
trol and check on the acuvmes\‘f the pro;éct All poli¢y, t{tecuuve and
administrative matters connected with the project are reported to ‘and con-
SIdered by the Commlttee. As the prO}ect developed, the COmmittee met .

~for consul{atlons as and when aeeded.- 1 . - .
. . .
LI * - -
b = * N <, <
Planning the 'proiect . I
S O .\ I

. Planmngr 1nvolved in the ﬁrst instance,. consideration of the ways in, ?
which.the ‘total bu1ldmg programme for the 5,000 Qr more schools could be
1mp‘emented in a period of three years. What orgamzatlonal structure was
qeeded at the executive and operanonal levels to achieve the programme target?
What would be the h1erarchy of cpntroi to ensure not only that large numbers
of 'buildings were constructed according to pre- -determined-time schedules but,
equally 1mportant that they did not exceed-the very vigorous cost targets which,
expc.rxence wlth avery 11m1t’ed number of prototypes had shown, was feasible?

I the event the decision problem was solved by use of the 'working-
backward' _Pprocedure. 14 over S, OQ‘Qwschools had to be constructed in a
pergo;l of three years for a sum of Rs:.50,000,00C. The schools_had, more-

-

)7 ovef to. be *built in 51 of the 54 educational districts of the State. 19
-On an annual basis, this would have meant either working irn{ about 17
districts per year for three years or constructing over 1, 785 schools per year
"in- selected districts. for a ee year period. A combination of these two
targets which took into accéunt the terrains, the Iocation of CBRI (near to
which' it was; possible to build more easily than in *emote places difficult to
contyrol) and several other reasune wnich necessitated the construction of
schools simultanecusly m all the reglons of the State resulted in a plan for
,.{ - construction as follows ;'

v

[y

s

’

. : Year 1I: WorL in 20 districts (about 2,000 schools)
T + %\ Year Il : Work in 18 districts (gbout 1,900 schools)

o . R

. " Year I ¢ Worl& in 13 disgricts (about 1,200 schools)
- Total 51 districts (about 5,000 schools)

‘ The phasing by districts is shown in Figure 15. ’ 5.

. 1k. Julian Feldmen. "Organizational decision making". In: Handbook of
. organizations. Ed. James'G. March. Chlé\ago, Rand McNally, / 197"/
p. 614-649, v

. 15. .ne mrogramme did not extend to the inner Himalayan districts of ' .
O : Jtta;- Kashl Chamoli, and thhoragarh which are remote, “have a ’
i*stlnc ive m‘;pulatlon distribution and intlude the highest of the=~+
= peaks in Uttar Pradesh - these districts rgqulr» unique solutions
Lo their educational building problems.

T ! ) ’ ' . a 4
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' Phasiwq.‘ of Construction Tj‘roqmmr%e; ovey | . '
3 yeovs on en Eduvcation district basis

E.d

e

Once, the programme h;} been divided into phases and the quantum of
" work to be achieved anmually had been established, it was possible to work

-. further forward and design the organizational structure to dealwith a single
year's programme. . ! B

PO

The first phase of about 2,000 schools in 20 education districts meanf an
average of about 100 schools per district and a district programme of over
three quarters of a million Rupees. ($115,00Q roughly). This, it was decided,
could be handled by one team and the district thus became the organizatibhal

unit on which the entire operation was based. However, as it seemed-likely
that work could not commence simultanecusly in gll distticts at-once, they were
grouped in threes such that, wiule’ construction was to be in progress in one

district of the group, pre-planning for construction was to be in progress for-
the other two. The skeleton of the org'ani%a‘tional hiexarchy was thus developed

as shown yn Figure 16. The next question to be considered was its staffipg and
organization at the executive level. 54 :
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anoze 16 The Orqomr?on‘nomo\l Pleroorchzj -

g o - MANAGEMEHT COMMITTEE T2y
L=t e . $ \
L "PROJECT  CO-ORDINATOR S
' . | 3 i /’/J.,’_
l?jdleﬁnds | ?f dtsﬁncis &i} o ofr Zﬁs’mm S

]
e N

{ S " District . Distriet2,,. District 3, ‘
. i - construction Pr;,-p(a\nmn Pre-planying .- .
S in proav‘ass i progvtes in-progrzss
'Executlve organlzatlon T ' S, : L

< Although the project now formedéy.one of the Central Bulldmg Research .
Ins’ntute s research_and development activites, its 1nterd1301p11nary character,
. .coupled with jts very large budget and separate Management Commirttee, . sug-
gested the need to deal with.it throdgh a new, albeit temporary, "Division of the -
Instuitute. It was thus ‘decided to create a new establishment w1thm CBRI headed ' s
by the Deputy Director who was de31gnated Project Co- ordmator The project
cq- ord1nator 1s responsible for planning and dlrncung the executlon of the works
In the districts and for lolakxng after the day~to-day administratiog of the 'pro-
ject. "He is assisted on the techmcal side by an Assistant Director and on the
' admimstrative and accdunts side by an Adnumstratlve Offfter and Accounts
" Officer, with a minimum complement of supportmg administrative ,and accounts
staff. It was also decided that funds recewed for theé estabhshment and super-
vision charges of the project should bé ma1nta\1ned in a separate agcéount in the ,
. State Bank of Indm University of Roorkee Branch, Roorke¢, to be opera‘ted by .
two . Officers of the project. This enables qulc('k payments to be made and faci-
litates the raintenance of accounts for the pro;ect

. Under the control df the Project Co ord1nator Semor Sc1éntlsts J[rom- the
Insntute were placed in charge of groups of dist¥icts with the necessary admun-
istrative and financial authority delegated to them. Each Senior Scientist was
assisted by an dccountant and.clerk tp maintaip the accounts at the headquarters
office of the’y group of districts. Each disttict-was inkharge of a scientist. 16

. * .
. B R ~ . . .,
; . ) . . .

l L3 . ~ . ]

L 16. The staff of the Central Buildiné'Researck Institute are nrgani;ed -
nierarchically- downwards as!follows: Director, Deputskﬁlrectgr,

. Assistant Dn‘er*tors, Senior Scientists, Scientists etc. -

: ' ! "__ . ". 50 55
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e e ' Edecutive organization

. - . . - i . -

.The organization ar:.district level was as follows\ - )

. i Scientist - - responsmle for the district Constructlon
' : programme.

v

L ' Assmtam Engmeers - one in charge of each 'block/ in the district,
. P “each dlSU.‘lL.t havmg several blocks

Overseers Y- onein eharge of from five to.six. schcols ina
. S block, each. block having several overseers.

'Y

Supervrsor of Works - ore in charge of one or two schools, there bemg
v ¢ . T several respon31b1e to‘each overseer.

<

“‘.‘ -

The staffmg 31mauon is summanzed in Flgure 17. The ﬁgure represents, .

of course, the theoretical organizational concept and its realization*had, as

~ " will be shown below, to be modified depending on thé staff that could actually
be recruited. -4 . 4

- » -

“Fravee. 17, The. E"\xec.uﬂve_“Orﬁomizo\ﬂo'n .

. PROJECT—CO-ORDINATOR. . ' e
T S —
-
LVEYOA . o . ' . g il ‘et " . . .lf- o
Netricts Sevior Scientist 1. M»ow&Mxtsf 2. Sevior Scientist 3,4,5
On , '. ) N 'l : - N Y ) "
Districts - Scitvitist Jomhs’r Scientist . L
. r - ' .
g";tk_ o e sistant AAssi_:.tan‘l’ Assls’romf _ o . .
amﬁ”d - Engiveer Engincey F.iju_v'\ ¢
3 . - .
B VA i} RvAll
Sor 6 LA . . . . .
. &cheels i . Overserr b Ovevseer Overstey ' . Lt N
a Block - . .
- - ] L] “

' ‘ V V ) V T 5 .

lor2 ) . Supervisor Swupervisor Supervisor .
Schools of works  of Works  ofworks . : .
S v : 56 .
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sanagerial -aspects ' .. . -
e N L}

. Development of tthe operatioxial org,anization- ' S .

The PrO]eCt Offlce opened in September 1972, the PrOJect Co-ordinator
assuming duty with onqumlmsu'atlve Officer and one Asslstant for “the Office.
WorL at once commencedon: '/ - , e

-

v ‘ 1) the planning of pr10r1t1es, ; ‘ . . ]

11) locatlon of d1st1'1cts to- be dealt w1th in_the first year,

. R 2 !

Tiii) fulflIlmg staff. requirements; ‘

. N )

iv) preparatxon of guldehnes for supervxsory staff and mstructlons to
be followed in relation to work activities«in the dlstrxcts ; -

¢

v) preparation of a scheme for preliminary trammg of s.aff in
"y .the methods of conshructlon, . . L

vi) llalson with the State Govérnment and District authorities for
.assistance in the procur\ement of. bulldmg materlals and handing .
¢ 2
s C. . . over of, s1tes for constructlon, =" >

- * » -,
. +

vii) preparauon of the prOJect budget w1th reference 10 staff
. .reouxrements and funds rece1v1ng, . . BRI

vm) tormulatlon of gmdehnq_ for observance of financial rules -

and\ regulations;;, Ll Lo . .

- 1\) compxlatxon'of aislmphfxed manual for works and purchase procedures ; .

7 X) drafting serv1ce condmons of.staff serv1ce; ) i ' o y
Lt XI) openmg\chbank accounts, for ith e project funds ‘ e

' These were herculean taSks and were completed by the end of October 1972, . by . )
the nucleus of the Project "Staff with the .assistance and co- operatlon of.a few .
members of the CBR1I scienrific and administfative staff. The guiding p1:1nc1p1e
in all these activities was the time arget of the pro_]ect. Urged by the need to P
obserye the basic rules and procedures of the Govefriment of India as ,adopted .

" by CSIR and having regard to the limitation of funds, the emphasis was placed .
on the slmphflcatlon and the ratlonahzatlon of the rules and procedures to
-mamtam the speed of progress needed td complete the prOJect. - .

W
» ., '

. The f1rst maJor problem, after the orgamzatlonal aspects had: been )
-cons1dered was thatf of recruxtment of staff. o . ] <.

. x

EX

dmmediately it was ‘decided to unoertake the project and the posts ‘re-~
quired to man the project, were created, by the Dlrector on the basis of works
. to be started in the first stage, and having, regard to the funds earmarked for _
estiblishment and super‘vxslon charges® It may be added.that the strength of the
Supcrvlsory afd Adn.umstrauve Staff for the _project were subseqtfently constant-
“ly reviewed and- regula,ted on the basis of the quantum of work and avallable
funds to effect efflclency and economy. - o

\ R
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The operational organization

Recruitment was in accordance with the basic rules and procedures of
the CSIR, which required the advertisement.of the posts and the selection of
candidates through duly constituted Selection Committees consisting of specia-
lists in the fields in which the candldates were to be appointed. The procedural

formalines were completed as expedmously as possible. The first batch of |

candidates for the posts of $c1entlbt were selected in November 1972 and offers
of appointment made to them immediately. Most of them joined by the end of
December 1972. There was, at thattime, a shortage of experienced technical
personnel suitable for taking up such a high priority, time-targetted project,
hence 1t was not possible to recruit the required number of suitable candidates.
The junior posts, such as Overseer and Work Supervisor, were filled through
Selection Commutee by the end of January 1973 and ‘the beginning of

Feera.J:y'l9/3 The admunistrative posts were filled some time in November/
December 1972. By the end of January 1973, sufficient staff had been recruited
to start work in the field. In the meantime, the senior staff appointed were
busy 1n planning at the Headquarters and in the Districts so that censtruction
could startin Februvary 1973

The magnitude of the task of selecting candidates and the speed at which
this was done is illustrated in Table g, which includes posts for supporting
staff not mennoned above. 10

. Most of the staff appointed had been posted to their districts by February
1973. There remained, however,, vacant posts for overseers aiid worl\s super-
_.visors and these were filled locally, the appointees being employedor a daily
wage basis. Asa matter of pohcy, all staff recruited at the level of overseer
and works supervisor and shown in Table._ g were, where possible, posted te

their home districts so that their familiarity with local conditions would help
speed up the work. 10 - :

Table 8. Recruitment of staff for the project

. Number of N;xmber of Dares o‘fr ' Number of .t

Description  applications applicadats . se.ection applicants Remarks’
of post , received called foxr commiitiees - selected '
7 interview ]
Scientist 283 "los 13.10.72 * 19 *
14.11.72
~ 10. 1.73
Assistant 476 194 21.11.72 . 36
Engineer N ' ‘
Overseers 1251 831~ Nov. '72. 74 )
) ' .+ June '73
‘Supervisors 1330 762 30.11.72 & 209

of works . ) ' 1,2.12.72

The posts above are those shown in Figure 1/ The posts below are for sup-
porting staff. 53 "
o8
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Managerial aspectq’

\ ! .
Table 8.\,\ Recruitment of staff for the project (cont'd)

»

Number of ~Numberof ~ Dates of Numberof
Description -applicg\ltions. applicants selection  applicants Remarks

of post received called:for _ committees * sélected
_ \ interview ) L
Administra*- 36 - 11 14.11.72 1
tive.Officer : )
Accountants . 103 . 36 * 36.10.72 & 10
) * . * * 6011- 72
Clerks : 71 40 30.10.72 & 11
Y. . . (28. 7.' 73
LI
Stenographers 37 12 29,10.72 & 4
‘ R 5. 1.73 -
Drivers : 13_' 13 3.11.72 4
Othets; A . 247 58 ) Feb. /Apr. - 19
cleaners, . .
peons etc.
. C ~Total recruited 387
n , —— ‘
- ‘Orientation and training of staff : .

Both scientists and assistant engineers were briefed by the Project Co-
ordinator at CBRI for a two week perlod before assuming duty at their districts.
The briefing included:

t -
i) critical examination of the primacy school desizns,
specifications and estimates ; ’

ii) discussions on the methods to be used to execute th\e.‘.worl& ;

iii) technical strutiny of the’ prefabricated elements ; t

@

iv) review of the administrative,procedures relating to the management
of staff and to the award of contracts and control of expenditure.

The overseers and works supervisors were also given practical training
in construction and supervision. This took place initially at CBRI and was
completed at nearby Saharanpur, the Headquarters of a district where proto-
type units had been erected and a yard for the manufacture of prefabricated
units had been “established.

The staff were thus given the background for effective discharge of their
duties and an understandmg of their responsibilities. in the districts. It was,
however, expected that, as the trammg period at the disposal of the project

54 59 .

S +

©




' ’ oL Work flow and ({érect'zlves
authorities . was very short, cny-difficulties faced by ,the_étaff, in the course of
.execution of the works, would be resoélved by the Scientist in chaxge of the
district. In special cases, problems could be referred to Headqixarters for the:~

issue of necessary instructions and guidance. . '
. R N Y ]

The suaff were very clearly given to ux}dersmnd that the project was of
vital 1mportance to the State and.that it was to be a success. To help achieve
their targets, they were required to seek co-operation and assistance from ,
local bodies and psople. - They were urged also to inculeate in the village -
T~ people an 1nterést in undertaking such' silnpie construction work by themselves

IR so that in future they could reet their.own requirements for buildings in their
viilages. '

Work flow and issue of directives N * ,

. As already sta%ed, the source of all planning and directives for the execu-

, tion of the project is the Project Co-ordinator, who is respqusible for the proper .
guidance.and direction for all project activities. His instructions and directivgs?“r
to the Scientists in charge of the districts and Assistant Engineers cover such -

* < . N :

subjects a5 '

-

¢
) . .o
PR
a
B

i) ‘the desig and details of the E)uildings to be constructed ;

R . ___i1) changes considered necessary for the improvement of the designs

/ .. of the buildings and their surroundings; .

-~ .. ] . . . ¢
/ L ii1) the technical estimates for thé work to be undertaken;
B ‘ .

iv) the methods of choosing contractors for the award,of contracts; «

- . . ‘ R
v) the procedure for staff placement in various centres according

to the reduiréments of the works; ~ L,
i ~ ’ B '
vi) public relations that should be maintained Dy the field staff . : B
for the success of the project; o .

- ' vii)-adherence té rules and procedures adopted for the project; -

viii) periodical r‘ieports about the progress of the works to be furnished *
to Headquarters and outlining any difficulties being faced in the
v achievement of targets. o 9 '

The Co-ordinator also’invites suggestions for improvement in works .
prucedures or desfgns and other administrative matters from the Scientis?s in
charge. Besides this, he visits the sites”in the districts periodically to acquaint

. himself with problems at site and district levels and issues instructions to ( "
solve difficulties.or improve situations. Periodical meetings are held at the
Headquarters with the scientists in charge and assistant engineers to discuss
their problems to arrive at reasonable solutions. Such meetings are also
addressed by the Director who gives bfoad guidelines to the staff for effective’
execution.of works. The scientists in charge and the assistant engineers are .

always free to bring up their problems to the Project Co-ordinator, either

through post or telephone or by personal visipéyghe Headqﬁarters.

. 55 ¥
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Managerial aspects

The scientists in charge are also free to discuss w1th‘ their counterpart
colleagues ih other districts, problems of mutual interest and the discussions

at such meetings are reported to the Project Co-ordinator for his information.

In fact a cordial team spirit has been developed amongst the scientists of the
project and the Projegt_Co-ordinator,.»g's a result of which all prbblems con- .
nected with the project are expedidodsly:’mciléa through mutual discﬁssiqn.

The administrative officer acts as a_channel for communication of instructions
from the Project Co-ordinator to the scientists in charge and vice versa and.

he advises the scientists in charge on all administrative problems,_

The Project Co-ordinator with the assiStance of his Headgquarters staff |,
maintains communi€ation with the State Government and the district authorities
. and all secords are mainfained'in the Headquarters. . .

.

-Preparations for thé commencement 6f construction
- - > -

[ 4

The preparations for the commencement of construction were complex.
Essentially four preliminary activities were involved as follows :

»

¢ ’,
i) selection and acquisition of si;Fs for the schools;

ii) selection of central sites for prefabricating building components
. (roof, window. frames, door frames and concrete sunshades);
L]

iii) selection of contractors.or orgapization of diyect labour for
- - the prefabrication work; - -~ —~ - -~ - - - - - .

iv) selection of contractors or org‘anigatign of dizect labour ~ . s
for construction of the schools on, the selected sites.
,Ir will be noted that all of these activities had to be undertaken initially
to get’the project started but also that they are contintiing activities in the
<’ sense that, once they have been completed in the first district and construction
work cominences, the senior scientist in charge of a group of three or four
- districts would move on to the second district to pre-plan for construction to
commience there as soon as work in the first district was finished. WiHen work
has c'omme_nced in the second district, the senior scientist would move into the
third and so on.’ The total activity may be conceived of as ‘rolling' smoothly ) .
forwaxrd at the rate of about one district - that is about 100 schools - every
thre¢-months. As initially, there were five sehior scientists in charge of
« groups of districtd, it will be seen that the completion rate of construction was
,’1 500 schools per quarter - a target-that had been well maintained up to- the time
of writing of this Report. ’ )

")

3

¥

But in orde_r to undexrstand "what was involved in the preparations for
construction, it is necessary to consider each of the four preliminary activi-
v ties in somewhat greater detail. ) g -

. .
» ’ - - » .

»  .Seléction and acquisition of ‘sites' for schools

The first actiyity was negotiation for sites on which.to construct the
.schools? The’ State Governnient had.already indicated the numbers of schools

S * 5 56 61
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. Centralized prefabrication

to be built 1n each district but the District Education Authority was responsible
_for indicating a precise location for every unit.

The Education Authority, in turn, had to negotiate for land through the
village Pradhan (headman or ledder). Normally there was not too much diffi-
culty in obtaining land for construction but occasionally local disputes arose
over the location-of sites. The District Education Authorities, in most cases
gave a list of selected sites greater than that actually needed and the scientist
in charge of the district would then have to make a choice from the list. In

so daing he had to consider: S

a) suitability for construction purposes;
b) access for delivery of materials. g

. -
» r ~

and also whether safe storage facilities were available for materials, whether
local lodgings could be found for supervisory staff and whether local contractors
or flabour were available to assist with consgrpction. Over and above all this,
the Scientist has to be'sure that the construction of every school on every site
could be completed for Rs: 8,500 or less. This meant carefully checking the
availability and prices of \all materials. that were to be provided from the
locality, other than Ehose of the prefabricated units. . X

20 {
) Most Sités,.if,‘t'ranspir'?d, were found on.the fringes of villages. It will
be recalled that the villages of Uttar Pradesh, as of many other perts of India,
comprise mud brick buildings, usually Yon very ancient sites. As. time passed
and* old mud buildings collapsed, the new buildings were’ constructed on the
debris of-the old and, slowly, the level'of the land on which the village stood
rose in the. formeof a low debris mound, with the newest buildings on top of it.
No space is available on these mounds for extra buildings such as schools and
thus sites for thé new primary school buildings had to be found on the fringe of -
the village, usually in a no-man's land of waste between the village proper and
the sutrounding agricultural land. Many sites, in consequence, were rather
small and one of the problems facing those responsible for site selection was
that of assessing whether there were likely to be éndugh children living within
walking distance of the school (2 km) to necessitate the eventual construction
of the second or third stages of a five classroom school and whether the site
in question was large enough.

Centralized prefabrication of components

The prefabricated components of the building are illust{-atéd in Figure 13.
They comprise pre-cast concrete roofing channels, welded steel roof trusses,
welded steel door and window frames, pre-cast concrete lintel -cum-sunshades
and wooden door and winqow s;hutte‘rs. (Figiire 13 appears on page 36).

Specialized techniques are involved in prefabricating the units. No con-
tractor with expertise in prefabrication work according to the specification
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Managerial aspects D .
. Y

and withiin the estimated cost were available in the beginning. The availability
of suitable land, electric power and a good supply of water was another problem.
In most of the districts, ‘the authorities made land available to project authori-
tes to start manufacturing prefabricated units. The number of such casting
units depend upon the size and terrain of the district. In feW of the districts
more than one castifig yard was necessary. Generally tasting yard at district
headquarters is préferred. This being the headquarter of Scientist in charge,
facilitates better supervision for quality control and better liaison with
-district official/s'. ’ : ‘ ) :

! .

/ v

/o ‘. .
Award of contract i ) \

“

K . PR
The néﬁnal way of awarding of.a construction contract is through open
tenders on a competitive bases. This is time consuming and experience showed
that with/the introduction of the new technique of using prefabricated components, )
this sys’teyof contracting led to high rates of construction. : ' \

It was thus decided to award contracts through negotiations. The. Scien-
tist in charge after a local market-survey prepares a cost analysis of each;- ‘
prefabricated elemeat and. through a detailed estimate of the school building el
verifies that the cost of the school is within the cost ceiling. The cost analysis
and estirhated rates of each prefabricated element is examined and approved-by
the Project Co-ordinator. The Scientist in charge is then askgd/tomeg/r;tiate
within the rates provided inthe analysis. By and large, th8 Contractors have
found the pr‘ocqgiufg acceptable and workable and .obviously it is time;saving
for pro ject/o,ff%c’fals. ) - )

//’

In the beéinhing the prgject/étaff demonstrated the techniques to local
entrepreneurs to stimulate interest in them for this sort of work. Where entre-
preneurs rema‘;g@d uhinterested, the project administration set up casting yards -
with its own staff and started manufacturing the units to show the way. Slowly
one or two entrepreneurs started work, and contracts were awarded to them
after negotiating rdtes and other terms. Gradually other parties have begun to
come forward to contract for prefabrication in almost all the districts. Con- .
tracts have been awarded under a variety of.circumstances to

i) Parties who are local ehtref)ren‘eurs and havgz resources

to finance prefabru;aﬁl contracts; or ‘
ii) Unemployed engineers or local co-operative ventures of

- X . . 2%,
A engineers and contractors, having potential resources.for

N carrying’ prefabrication contracts; or

iii) Conttactors through open tenders on @ competitive basis.
.y
In most of the cases, the work has to be awarded by negotiation of rates

and terms. Strict supervision by the scientific and technical staff of the project

is maintained to control the quality of the products according to specifications.

"It has been noticed with satisfaction that the techniques for manufacture of these B
prefabricated units are gaining popularity among contractors and a fairly good

number of contractors are now available. - .,
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. Some.idea of the scale, complexity and, thus, the importance of good
orgamzatton of the prefabrication programmes in edach district is given by

Plates 174 18 19, 20.

e

.

. ¥ . [} . *
Preparation for work on the site : N . 5

»

Contracts for work at the site ‘were normally awarded_to rural entre-
preneurs having some experience of c’onsx:ructmn work. The baslc intention is
to encourage the rural economy through employment of local labour. The value
of the contract for each school is small and does not exceed Rs, 3,000. ' The
‘building materials such as cement, bricks and prefabricated units are supplled
to the contractor who constructs the building by supplymg labour.. Each such
contractor is awarded a contract to construct 3 4 schools in a block at a time.
Their work is superv1sed by {he staff of the pro;ect who provide the necessary .
technical gmdance at everyxstage of construction so that the work is compIete
according to specifications and within the tirme schedule. RS

In thB- begifigng, there were difficulties in finding rural contractors willg
ing to undertake, school building construction work. Rural Sklll&d‘]cstU}.’ for
construction was also scarée. The project staff made all possible efforts to -
Interest the local people by demonstrating how these simple bu11d1ngs could'be '
constructed by they themselves. The terms of payment for such contracts :
were also liberalised in comparison to oonventlonal terms to attract the Joéal
entrepreneurs. The methods used for constructing the new schools in “the ~
villages have now gained popularity with the local village people and they are ,
now coming forward and are more willing to undertake the work. In the context

of this background, most of the work is now awardeéd on the basis of negotiation
instead of conventional open tender methods, ke‘e\pmg in view that the rates have™ .
to be w1t‘hm the approved techmcal estimates and the time of completlon for
each building fits the programme. .

-

In the matter of award of contracts both for manufacture of prefabricated (
units and construction wecrks, the projéct authority has to maintain a correct
balance. between local influential parties and their technical and physical
capabilitics by assessing their worth through discussion with them and by obtain-

.ng relevant information about them from local sources, as far as is practicable. .

A

Supply of; materlals to sites

-

i

The fundamental factor, on which the progress of the work depends, is
the efficiency of the transport facilities for carrying bu11d1ng materials and
prefabricated units and the transport of supervisory staff to the sites. *Materials
such as cement, bricks and sand have to be’ carried from the stores of the
thCletS to each site, while prefabricated units, which Va're mandfactured at
centres 1n the district towns are to be similarly transported from the town to
sites in villages. Transport poses difficulties in most of the districts and it is,
moreover, an expensive item. HHowever, the scientists in charge in the districts
have made every.effort to enlist local assistance in minimizing transport costs.
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he simple jig used for manufacturing welcied steel rooft
trusses. .
— AR I i ,
: Plate 18, MWelded steel trusses, door and window frames stacked ready . T
) . for despatch to the school sttés. :
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Plate 1J. Precast reinforced covicrete lintols-cum-sunshade

for stacking prior to despatch to-the school s

Plate 29,

Precast conerete roof channels from wh
L has just been stripped.
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i Manaaemal aspects . .

For .quick transport of the supervisory staff, arrangements have been
made to hire taxis or jeeps which are placed at the disposal of the ‘scientist in
charge of, fhe district. Where the prefabricated units are manufactured and
supphed from a distant district town, these-are booked to the’ sites and trans- .
po:ted in trucks, bullock carts, as the case may be. Lo

%

.

Careful plannlng in ths respect has been made in all dlctrlcts by the
sclentists in charge to avoid de‘ay in thé works due to non- deh.ery of materials.
They haVe been given full authority in the matter, with:the stipuiation that the
element of cost of transport should be covered w1th1n the cost ceiling fixed ¢ _.
construttion of each building. In special cases, as in one or two districts,

~ Where abnormal difficulties were faced, dehvery { ehicles have been purchased

and - malntaaned at.the cost of tlie project.
s - 4

v . ' -
Firtancial management' A y N

One of the unseen cogts of ‘Julldlng in many countries of the Asian region
is the interest payable on money ]qaned by. banks to bu11d1ng materials supplier’s
and contractors. It will be realized that contractors are not normally paid until
the worK they have contracted to build is completed (in whole or in paxt depend-
g on the size of the building)., Thus, while the bulldmg is under construction,
the contractor has to fing f:rom his owk\ resources, or to borrow from a bank,
su£f1c1ent money to pay for plant hiré/ transport, labourers’ wages, mateiials
and the hke. He will nct be able to repay his bank loan (and thus continue to
pay 1nterest on it), until he has been paid for the work he has completed. Pay-
ment on completion.of work involves inspection by the paving agency to ensure
the work is complete as claimed and then certification for payment. These
procedures may,. through Government administrative channels, take at best
weeks and at worst months to complete, and all this time the ccntractor is pay-
g nterest on a loan which itself represents the very capital he needs to .
finance his nex* contractual venture. ‘

.

x

In tendering a price for a contract the building contractor thus uses his
local knowledge of how long ne is likely to have to wait for payment of his bill
on completion and adds the costs of the wait in terms of interest to his contract
price. Thus, the quicker contractors are paid, the lower will be their prices
and the slower they are paid, the higher their charges.

As a pre-requisite for successful completion of the project, it was
realized that qulck paymen? of bills of contractors and suppliers and dues of
, staff, was the first and the most essential condition t be fulfilled. With this
in mind, rules and proceduyres for payment were modified and streamlined in
such a way that the bills of contractors and other parties against works or
supplies could be paid within a period of three days from the date of receipt of
such claims. Very clear instruction in this respect were issued to the scien-
tists in ch.. ‘ge of the district and the folcers in charge ~f the works at the sites.

Broad financial rules and the powers to be delegated to the scientists in
cnarge for expenditure sancuon and payments wer. adopted for the project and
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- ; - Financial management

approved by the Birector. The scientists in charge were instructed to follow
these rules and regulations scrupulously to avoid irregularity in expenditure
and also to expedite payments in the manner mdlcated ‘by the rules.

F

In order to facilitate direct .payments by the scientist in charge at the
district levels, bank accounts in the name of .the School Building Project wetre
opened 1n each of the districts where work was in progress and the scientist in
charge; along with an officer under him were authorized to operate these
accounts. The funds for cqnstruction xeceived as an advance from the district

. authorities, are placed in the bank accounts of the dl%tIlCtS against which all

payments relatng to construction are made by the scientist in charge directly
and with the assistance of the accountant under him. Account$ are maintained
by the accountant in the standard forms prescribed by Headquarters. To meet
contingent expenditures connected with the supervision of the works, adequate
‘funds are placed at the disposal of the sc1enust in charge of the districts as
"advances and these funds are replemshed as and when necessary, on the sub-
mission of accounts and vouchers in the prescribed form to-the Headquarters.
The accounts and vouchers are then scrutinized by the Accounts Officer in
accordance with the financial rules and procedures adopted for the project and

. the advances adjusted and funds replenished accordingly. The scientists

<charge are required.to furnish by the 15th of every month the statement of ex-
gendirure against the funds at their disposal, maintained in the State Bank of
India, in the prescribed forms which have been issued to them, The monibly #
statement of expenditure on the project is thereafter compiled at the Head-

- quarters and set against the provision of funds received by the project. A care-
ful .watch is kept to see that the expenditure does not exceed the limit of
provisions from the State. Government. The meonthly statement of expenditure
is placed before the Project Co ordmator for his information by the end of the
month | ‘

To rationalize quick paymehl:s to the contractors for works, a number of
measures have been taken to simplify and Streamline procedures:

1) The conventional method of recordlng measurements of works in
the Standard Measurement Books prescrlbed by the Government of
India has been modified to a certain extent to avoid detailed entries
» for each contract as the work is of a standard and repetitive nature.
These modifications have saved the time of the overseers and the
assistant engineers in maintaining the measurement books and
certifying payments of the bills of the contractors.

1) Running payments against mate¥ials supplied or work in progress

are allowed to the extent of 75'% to 90% of the value of the supplies

- . or the work done and this enables the small contractors to sustain
themselves to the end of the work.

1ii) Very strict instructions have been issued to the scientist in charge
and the accdountants to see that the bills of the contractors are not
delayed for more than a week for payment under any circumstances.
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Managerial aspects

iv) The 'period of defects and liabilities' wh1ch determines when the
- final’ paymenls of contracftors bills are made have been reduced. . .

+

Salar1es ‘and allowances of the staff are paid d1rect1y from the Headquarters.

The salary bills aré prepared-at the Headquarters by the 25th of every month

on the. basis of the staff on the establishment roll maintained at the Headquarters

and the amount remitted to the respective scientists in charge of encashment .
through the District Bank accounts. Payments are made on the first of every

month. When any member of the staff is on leave, his leave salary is adjusted

in the saine month in which the salary is drawn, 1f the report of.leave sanction-

ed is received at the Headqfiarters by the 15th of the 'month.

‘ ’ The travel allowance bills of the staff are prepared at, the~Headquarters

in accordance with the standard travel allowance rules of the Government, on -
the basis of part1cu1ars of tours forwarded by the sclentist in charge. The - -
travel allowances drawn.are also remitted to'the scientist in charge for pay- _—
ment to the respective payees. This arrangement is working satlsfactorﬂy and. '

ensures necessary check and controiin the payment of the dues of the staff. , ..

Expenditure is under the audit control of the Accounts'Officer of the pro-
ject. He receives all bills for payments at the Headquarters pre-audited. The.
bills: at the district levels are pre-audited by the accountants ‘posted in the .
districts in accordance with rules* and procedure adopted for the project-: All
bills are paid by the scientist in charge after getting the bills_checked by the
accountant. Registers for maintdining cash and bank accounts, vou'chers "and
classified accounts, works accounts etc. are maintained both at Headquarters
and at the district level. The district accounts are perlodlcaLly audtted by the
" Accounts Officer to check their correctness. .

>3

It has been agreed ﬁe State’ Government that the expenditure on the .
. construction works against the advances drawn by the scientists in charge from
the district authorities for the purpose, will be in accordance with the rules
and procedure adopted by the project authorities and such accounts duly certi-
fied by the Accounts Offi¢ter of the school building prOJect will be furnished by ) .
the wcientists in charge to the District Authorities after completlon of the works
in the district, for audit by the district authorities.

Regarding the funds and the expenditure for establishment and supervision
charges which have been received at the Headquarters from the district authori-
ties, the matter of audit has been.taken up with the Council of Scientific and R
' Industrial Research. ) ) .

Personnel management

*

The present complement of staff in the project number about 387 ranging .
in the cadre from a Deputy Director to labour., The major portion of the staff ) ‘
are in thIe field in remote, rural areas. Rules and regulations and the service .
. conditions of the staff were framed with the nature of their tasks and their
residence in remote rural arcas jn mind and wete approved by the Dtrector
before the appointments of staff were made. ] 1
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- The staff are in general governed by the dlsc1p11nary rules of the
Government of India, Clezar. 1nstructlons were issued to scieitists in charge
of the districts to exercise proper control over the field staff under them. Whil
¢ they were advised that the human aspects should not be overlooked, they were ° .
required to control to the best of their ability, the atrzndance of thie staff and
X the discharge of duties entrusted to theim in their places of work. The a531s-
v’ ‘ tant englneers in the districts were required to kgep a periodic check of the
- attendance of the staff in the field and this was to be fufther checked by “sur- s,
. " prise perlodic visits of the .scientist in charge to suis. The discipline and con-
- .« . duct of the staff are major factors to be 16okéd after By the supervising officers
., atthe higher level. The rigidity of hierarchy. has however been relaxed and
" almost eliminated by personal eximple set by the senior staff. The Project *
Co-ordinator himself briefs the scientists in charge of disiricts in these res-
-pects periodically. Reports of indisciplinary attitudes-and neghgence received ~
fr_m Dystrict Officers are, nevertheless, dealt with sternly and expeditiously,
so as to remove unde.su‘able elements from the organization before they de- i
- moralize others and affeqt the prOJect adversely. a

Records of work and conduct of all staff in the pyoject are prepared
periodically 1n the standard confidential form. presr‘rlbe by the CSIR aud re-

7 viewed by the Project Co- ord1nator. Adverse reDorts are communicated to the .
staif members\w1th a warnmg to correct themselves in the1r work.and conduct.
By.and Jlarge, the morale and the discipline of the- stafﬁ are commendable and no
serious personnel problems have been experienced. But day-to-day problems

g are nurerous.and are’ dealt with at appropnate level. . & iy
. o ]
g Pubhcttz - v e . ) . P )

- . As th1s is-a hlg’n prlorlty project for the\benent of the rural populatlon,
the co-operation and the assistafice of the local people and authorities in the _
execution of the project ig essential. The senior staff and-all other members
». of the district staff have been advised to seek all possible cor-operation and
] assistange: from wllage Pradhans, local members of the State Legislative |
- Assembly and Members of Parliameht, District Officexr’s and 8fflclals and, other ‘
1mportant personalmes at the .village or district leVel The project has so far
recelved unstinting support from-them. The scientist in charge at the d1str1ct
and the site engineer keep close touch w1th the village people and other person- .
Salines mentioned above¢Zand take the1r view points into consideration before
embarking upon the works-_ The wllage people have shown, in. most of the
- ‘districts, keen 1nterest in the project apd, have offered assistance to Project
¢, | Officers by helping ..... with labour, accommodation and ‘otlte:: neCessmes.
Pro;ect Officers have also given the villagers encouragemient by demonstrattng
the techniques of construction and employing local unskllled rural labour and
contractors.’ . -

th - ¢ - \ ! ‘
" _The Ministers of the State Governments of India and Central ‘Ministers -
have been taking an interest in the development of the project and some of them
have visited the construction sites and addressed. the rv .1 _people on the . A
importance of the project, ,soliciting their co-operation to assist the Project
Officers n the executjon of the works.‘ The Chief Mlmster and the Governor of
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Minagerial aspects , ) « - v

qttar Pradesh have given encouragement to the prOJect staff by regular expres-

Y
" s/,lqn ef their appreciation of the work of Project Officers.

l

o The press in India have been quick to realize the importance of the pro- .
, Ject and the expeditious way in which it is being executed. It has been very

generous iff giving wide publicity to the activities of the project for the informa-

tior of the ryral popuiation. This has created a good reaction in the minds of

the people dnd also the- State GovernmentS. There have been a number of

requests frot the other State Governments to take,up similar works on a mass
1 /, Scdle in their States. . AN - \ \

AIl India radio has also given promlnence to news on the pro Ject in their,
broadcasts. The Films Division of India has made and released a film on the
/ development and activities of this project. . ) -

The project authorities and the Director maintain constant touch with the
State Governments, pyblic and Press to apprise them of the activities and devel- _ .
/', opment of the prOJectt These media are being consciously. utilized both to
educate the pubhc on the pro;ect/as well as its extensions into such related
fields. as low-cost rural housing.and to build and maintain the, morale of the
Pr,q_rect Officers, contractors and workers. “ . .

Other outcomes . o ‘ . ' )

.o

LT -~ « "The prOJect hag made a good impact on the people in the, State. The
" approach of the BRI to the execuuon of this time-bound project being some-
what different from the convenuonal methods and procedures for construction
adlopted By the Government Departments and .established construction firms in
the country, there has, no doubt, been. .a_littde reaction bJoth in the political
. ' 7 lobbies and Government construction departments as regards the soundness of
both the technical aspects of the construction and the administrative methods
employed. It has taken the successful construction of about 1,000 schools over
.a perlod 6f about eight months in the State of Uttar Pradesh to have turned the
et wmd in favour of the techmques and methods adopted. - o

. - Gpvernment construction departments and private contractors are now
coming forward to. study critically she ‘basis of the methods used and the rules
and reg‘ulatmns,tmamed for the project. This means that the institute has been
4ble, throygh this project, to accomplish one of 1ts primary objectives, namely
to demonstraté the feasibility of luw-cost construction in remote rural areas.
The Goverhment of Uttar Pradesh has, recently, decided to entrust the con-
< struction of schools in a few districts of the State to the Public Works Depart-
ment on the. basis of the CBRI techmques of construction.

Ptoject authorities are encouraging local entrepreneurs to establish
industries to manufdcture prefabrlcated units. It is hoped such units would be
avdflable 1n' the market for peoplc to use it in the construction of their houses

vther bmldlngb Besides catering to the social needs of praviding maximum
rxumber of primary school buildings within the linlited financial resources, the
pr.uject provides employment not only to engineers and technicians, but dlsg to
unskilled willage labour. It will prov1de employment opportunity for about
2.3 million” man-days of which about 671,000. man-days will be for skilled
workers and about 1. 6 million man-days for unskilled v1llage labour.

-~ "
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COST ANALYSIS OF CHANNEL UNITS

Timber mould

.
T

a) ) Material Qty . -Rate (Rs) Amount (Rs)~
Deodar wood 2.80 c.ft. 22.00.per c. ft. 61.60
Angle iron - 12.57 kg-* . 1. 90 per kg 23.88

* Screws, nails and . . 11.00

. . lump sum

sawing charges
—b)  Labour

Carpenter (skilled'labour) 3 working days 8.00 per day 24.00
Unskilled labour I " . 4.00 12.00
Fitter (skilled labour) 1 working day 8.00 g 00
Welding charges ‘ ' " lump sum 2.50

‘ ' %

142.98
a e ) 143 - Total say 143.00
Assuming 100 uses, cost per use 100 = 1.43 ’
.

Casting platform

Area of platform required ] 3 €00 sq. ft.
—~ , to cast 100 units/day ’\
Cost of cleaning the area 200.00 -

- - Cost of brick floor laid dry,;

’joints filled with sand " 1 650. 00
Cost of concrete floor finish 1 950.-00
N ‘ ) Total . 3.800.:00
Cost of using pl\at'form per unit Rs. 3800[6846 Rs. 0.50 ‘per uhit )

Analysis for channel unit N -
Matexials ! Qy Rate . Amount

Cemex:g'j . 0.3 bags 13.00 3.90 )

Coarse aggregate 1.35 c. ft. 1.40 1.89 ,

Coarse sand ~0.72 c.ft. J.50 0.36 ’

M:S. reinforcement 4.21 kg . 1.75 . 7. 37)'A'

M.S. wire 0.28 kg 3.00 ! 0. 85)

Labour ‘ N )

Casting

Mason (skilled) 1/8 w. day ., 8.00 1. 00

" 1Jnskilled labour 1/4 w. day 4.00 1.09
’ 67 H:cz




Managerial aspects

Making of cages

Bar bender (skilled)
Ugskilled labour

Other charges

Mould as per details above

Qy

1/10 w. day °

1/10 w. day

Plateform as per details ahove
Handling of units in the casting yard.

Mould oil
Binding wire .
Vibrator and power charges

Add for breakage of units at 3%
" except marked 'A" above

Water charges 2%
Overhead charges 2.59%

‘Contractc‘)r's p“fofit 109

68

Say

20. 43)

0.37)

0.41
21.21
0.53

21.74
2.17

23.91
Rs 24.00

'S

) 20.80
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